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INTRODUCTION 



During October l$kht the National Advisory Committee 
conducted a aeries of conferences with the- Army, Navy, 
and representatives of the aircraft industry for the 
purpose of discussing the flight-test procedures used in 
measuring the stability and control characteristics of 
airulanes. The conferences were initiated by the Army 
Air Forces, Air Technical Service Command, to acquaint 
the flight organizations of the industry with the flight 
test methods employed by the NACA and to standardize the 
techniques insofar as possible as they are en^>loyed by 
the various manufacturers and agencies engaged in 
determining the flying qualities of airplanes. 

To facilitate the discussion during the conferences 
a series of charts was presented which portrayed typical 
good and undesirable airplane characteristics as 
determined in flight. The discussion centered arovmd 
the characteristics portrayed and their relation to the 
Army Air Forces specifications for the stability and 
control of airplanes (reference 1), In general the 
following points were covered in connection with each 
chart t 

(a) The purpose of the test 

(b) The flight technique used 
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(o) Items recorded 

(d) Evaluation and Interpretation of data 
obtained 

There were many requests from the conferees for 
copies of the charts presented for their further study 
and for reference with their notes taken during the 
discussion. Accordingly, the charts have been reproduced 
and are presented herein* 

During the discussion there were many additional 
explanatory figures drawn on the blackboard so that the 
more fomal charts do not give a complete picture of the 
material presented and discussed* 

The conferences v/ere held at both the Langley and 
Ames Laboratories of the NACA and a separate series of 
charts was presented by each group. Because of the 
similarity of the charts, however « only the charts 
presented at the Langley conference are given herein. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., December 26, l^l^k* 
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1. Anon. : Stability and Control Requirements for 
Airplanes. AAP Specification No. C-I815, 
Aug. 51, 19k3' 



UNSATISFACTORY 
UNCONTROLLED 
LONGITUDINAL 
MOTION 

FIGHTER AIRPLANE 
V = 250 MPH 





12 3 4 

TIME. SEC 



Fi gure 



SATISFACTORY 

UNCONTROLLED 

LONGITUDINAL 
MOTION 

FIGHTER AIRPLANE 
y = JI6 MPH 



UIHMIAWIIHV 

cowniEt FM tiMMijna 



< 



ill ^8^ 




CONTROL: 
RELEASED! 



8p> 




TIME.' SEC 



LMAL 4050 



MR N.O. L4L26 



SATISFACTORY STICK FIXED 
AND STICK FREE STATIC 
LONGITUDINAL STABILITY 

FI6HTER AIRPLANE 
CLIMBING CONDITION 



»' UJ 



^ 10- 
0 



liJ c> 

o 10- 

lij 

o = 10. 
0 



Ul 0_ 



80 160 240 320 



Vj, MPH 



Figure 2. 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
LMAL 40S5 , 



UNSATISFACTORY STICK FREE 
LONGITUDINAL STABILITY 



FI6HTER AIRPLANE 



(vCQ 
Hi DC 
QCUJ 



d 



uj; 



GLIDING CONDITION 



5- 

0- 
5"» 



5 
0 



5 5"* 

^ 100 



IGO 



220 

MPH 

Figure 3. 



260 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



340 



LMAL 40SI 



MP No. L4L26 



UNSATISFACTORY STICK FREE 
LONGITUDINAL STABILITY 

FIGHTER AIRPLANE 
CLIMBING CONDITION 

RATED POWER, CLEAN 



UCD 



>u 
Ljcr 

-JO 
UJLl 



o 

Q 



10; 
10- 



20- 



40- 




80 160 240 320 400 



Figure 4. 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



LMAL 



I 



MR No. L4L-26 



UNSATISFACTORY STICK FREE 
LONGITUDINAL STABILITY 

FIGHTER AIRPLANE 
CL E AN CONO IT ION, POWER ON 
C.G. POSITION IN %fs4A.C. 

° 22.S5% 
-27.3% 



o 





80 ' 160 ' 240 ' 320 ' 400 
Vi MPH 



Figure 5. 



NATIONAL ADVISORY uMAL-*04a 
COMMIHEE FOR AERONAUTICS 



UNSATISFACTORY STICK-FIXED 
LONGITUDINAL STABILITY 

NAVY SCOUT BOMBER 
CLIMBING CONDITION 



uJ , 

LLGQ 



uJ "i 

3 S 




V: MPH 

I NATIONAL AOVISORV 



Figure 6. 



COMMITTEE FOR AERONAUTICS 



LMAL 4053 



SATISFACTORY ELEVATOR 
FORC E C H ARACT E R I S T ICS 
IN ACCELERATED FLIGHT 

FI6HTER AIRPLANE 
CRUISING CONDITION 




I .0 

UJ0 



0 .4 .8 1.2 1.6 2.0 



Figure 7. 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



LMAL4043 



UNSATISFACTORY STICK FORCE 
CHARACTERISTICS IN ACCELERATED FLIGHT 



NAVY SCOUT BOMBER WITH 

BALANCE TAB 

Vi=l70 MPH 



EXP 



u. 

(/) 



40 



kxir 



0" 



V 




Figure 8. 



NATIONAL ADVISORV 
COMMIHEE FOR AERONAUTICS 



» 

z 
o 



c- 



LMAL 4054 



MR No. L4L26 



SATISFACTORY ELEVATOR CONTROL 

IN ABRUPT PULL- UPS -FIGHTER 
Vi-i68 MPH AIRPLANE 





0 



4 .6 1.2 1.6 20 
TIME. SEC. 



HkTIOm AOVISORY 
COWMintt FWI AUOHMJIICS 



LMAL 4044 



Figure 9. 



MR No. L4L26 



UNSATISFACTORY ELEVATOR CONTROL 
IN ABRUPT PULL-UPS -FIGHTER 
205 MPH AIRPLANE 

41 



< 




CD 
—13 

LlJ 
U 
CC 

e 



801 



40- 



40J 



NATIONAL AOVISMV 
COMMIIIU FM AUONAUIICS 




0 4 .6 1.2 1.6 2.0 
TIME . SEC. 



Figure 10. 



LMAL 4045 



MR No. L4L2f. 



ELEVATOR CONTROL IN LANDING 
SATISFACTORY - FI6HTER 



H30- 



MAX 6| 



AIRPLANE 



CD 

^20- 
cr 

o 

§ 10- 

LJ 



0 



C.G. LIMITS- 



30 32 24 26 28 30 32 
C.G. POSITION, y. M.A.C. 

UNSATISFACTORY- NAW 
^rl SCOUT BOMBER 

Q30-^C.G. LIMITSH EXPERIMENTAL 



MAX 6. 



ELEVATORS 




28 32 36 
CO.. POSITION. %M.A.G. 



40 



F i gu re 11 



NAIMWAL AOVISMV 
COMMIIIU FM AUONAUin- 



LMAL 4046 



CHANGE IN ELEVATOR 
FORCE FROM CLIMBING 
CONDITION AT Vj=l20IVIPH 



CONDITION 

CLIMBING 

GLIDING 

LANDING 

WAVE-OFF 

APPROACH 



FIGHTER 
AIRPLANE 

0 

.4 PULL 
5.1 " 
2.9 " 
5.4 " 



NAVY 
SCOUT 
BOMBER 

0 

14 PULL 
14 " 
3.5 " 
10.7 " 



3 

a 

■2! 
O 



ro 



Figure IS. 



NATIONAL ADVISORY 
COMMinEE FOR AERONAUTICS 



LMAL 404I 



MR No. L4L26 



UNSATISFACTORY CONTROL 
FIXED 05CILLATIGN 



FieHTER AIRPLANE 
Vi-150 MPH 




LMAL 4047 

NATIONAL ADVISORY 
COMMIIIU RM ilUOMAUIICS 



Figure 13. 



UNSATISFACTORY UN- 
CONTROLLED LATERAL 
AND DIRECTIONAL MOTION 

TRAINER AIRPLANE 
ALL MOI/ABLE VERTICAL TAIL 

^'t7^ SIDESLIP 




TIME , SEC. 

RUDDER 




12 3 4 



SATISFACTORY UNCON- 
TRaLED LATERAL AND 
DIRECTIONAL MOTION 

FI6HTER AIRPUNE yi-243 




TIME, SEC. 




NATIONAL ADVISORY 
COMMIIItt FOR AERONAUTIU 



r 
r 
0 



IMAL 4040 



Figure 14. 



Figure 15. 



UNSATISFACTORY 
UNCONTROLLED 
LATERAL MOTION 

FI6HTER AIRPLANE 
(EXPERIMENTAL AILERONS) 
Vi = 320 MPH 



o '-^ E 

d CD h- ^ 
< 2 U- 




o 
q: 



12 3 4 5 
TIME,, SEC. 



Figure 16. 



SATISFACTORY 
UNCONTROLLED 
LATERAL MOTION 

NAVY 5CX)UT BOMBER 

Vi =298 MPH ; 



en 



2g20i 

Q 2 



<l Z LU 
< _J 

>- h- 



0 

20' 



v 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICI 



O . £2 
o CJ 



CD < U. 
2 LJ 



O 



0 



2 3 4 
TIME, SEC, 



LMAL4049 



Figure 17. 



MR No. L4LE6 



SATISFACTORY AILERON 
FORCE CHACTERISTICS 

FI6HTER AIRPLANE 

(EXPERIMENTAL AILERON) 
CLEAN CONDITION 
Vj»20l MPH 

T .12- 




20 40 
RIGHT 

TOTAL AILERON ANGLE 



Figure 18. 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



LMAL 4040 



I ■ MR No. L4L26 

' UNSATISFACTORY AILERON 
FORCE CHARACTERISTICS 

FI6HTER AIRPLANE 
(CLEAN CONDITION) 
Vj = 210 MPH 




Ll. |_: €UJt I 

± ^ AO 20 O 20 AO 
^ TOTAL AILERON ANGLE, 

cn LT DEG. RT. 



NATIONAL ADVISORY 
Figure 19. cOMMinEE FOR AERONAUTICS "-MAL 40SS 



AILERON EFFECTIVENESS OF VARIOUS 
FIGHTER AIRPLANES WITH 50 LB. STICK FORCE 




LMAL 4056 

Figure 20 



UNSATISFACTORY DIRECTIONAL 
TRIM CHARACTERISTICS 



FIGHTER AIRPLANE 
RATED POWER, CLEAN CONDITION 




ecu 

op y 200 



100 140 180 220 
Vi= MPH 



260 300 



NATIONAL ADVISORY 
COMMinSi FOR AERONAUTICS 



Figure 21 



LMAL4ai20 



SATISFACTORY DIRECTIONAL 
TRIM CHARACTERISTICS ; 

ATTACK BOMBER 
RATED POWER, CLEAN CONDITION 



^ ij ^^A^ ....... 

flO I GO 240 320 

Vi MPH NATIONAL ADVISORY 

CGMMITTfE FOR AERONAUTICS 
Figure 2S. lmal4033 



EFFECT OF LATERAL CG. 
SHIFT ON RUDDER DEFLECTION 
REQUIRED FOR TRIM 

NAVY SCOUT BOMBER 

°C.6. 4.16 IN. TO LEFT OF <fe. 
o C.G.-4.I6 IN. TO RIGHT OF 




x 

•a 

2! 

o- 



120 



Figure 23. 



Vj MPH 



NATIONAL ADVISORY 
COMMinEE FOR AERONAUTICS 

LMAL4094 



MR No. L4L26 



SATISFACTORY DIRECTIONAL 
STABILITY CHARACTERISTICS 

FIGHTER AIRPLANE 
CLIMBING CONDITION 
^ V|=90 MPH 



LU 



§ul 20- 

QC — ' 

1^ 

^Q: 200- 




LU, 

O Li_ 
Z)UJ 

QC-J 



0- 
200^ 



20 O 20 
SIDESLIP ANGLE, DEG. 

NATIONAL ADVISORY 
Figure 24. COMIIinEE f OR AEROMAUTICS lmal 4039 



MR No. L4L26 



UNSATISFACTORY RUDDER 
FREE STABILITY 

NAVY SCOUT BOMBER, 

CLIMBING CONDITION, 
Vj=l20MPH 




-200- 



20 o 20 

SIDESLIP ANGLE, 0E& 

NATIONAL ADVISORY LMAL 4037 
F 1 gu r e 25. COMMinEE FOR AERONAUTICS 



UNSATISFACTORY RUDDER 
FIXED STABILITY 

NAVY TORPEDO BOMBER, 

GLIDING CONDITION 
Vj = 92 MPH 



.yji 



oc. 



Ilyy, 



Oi 

a-1 




20 0 20 30 
LI AH6LE OF SIDESLIP, DEG. RT 



NATIONAL ADVISORY 

Figure 26. COMMinEE FOR AERONAUTICS lmal 403S 



MR No. L4L26 



SATISFACTORY STICK FIXED 
AND STICK FREE 
DIHEDRAL EFFECT 

FIGHTER AIRPLANE 
CLIMBING CONDITION. 252 MPH 





_ _ 10 ^ 

< 20 10 0 10 20 

_5 r! 40"' lilt 

i 20 10 0 10 20 

LEFT RIGHT 

< SIDESLIP ANGLE, DEG. 

NATIONAL ADVISORY LMAL^OSS 



Figure 27, 



COMMinEE FOR AERONAUTICS 



UNSATISFACTORY STICK FIXED 
DIHEDRAL EFFECT 



FI6HTER AIRPLANE 
LANDING CONDITION 
Vj = l20 MPH 



I 



UJ 

O 

z 

<(!> 

Zq 
O 

d UJ 



20 

0 
20 



30 20 10 0 10 20 30 
LEFT RIGHT 

SIDESLIP ANGLE DEG mmLmm 



Figure 29. 



LMAL4030 



MP No. L4L26 



UNSATISFACTORY STICK 
FREE DIHEDRAL EFFECT 

FIGHTER AIRPLANE 
CLEAN CONDITION, RATED POWER 

Vi=MO MPH 











RT. 




ecus 






UJ_I 


»-• 


lO - 


<Z 




O - 


< 




lO . 



u 

0: 

O • 
lLcO 

u 




20 40 
LEFT RIGHT 

SIDESLIP ANGLE.DEG. 



NATIONAL ADVISORY 
OOMMinEE FOR AERONAUTICS 



LMAL A03I 



Figure 29. 



MR No. L4L26 



SATISFACTORY PITCHING 
MOMENT DUE TO SIDESLIP 



FIGHTER AIRPLANE 
LANDING CONDITION 
Vi=l04 MPH 



Hit 
I (/) 

luO 

CL 



acQ 

—in o 
uj.V Q 



10- 
O- 
10^ 

40- 



40 



20 
LEFT 

SIDESLIP 



o 20 

RIGHT 
ANGLE, DEG 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



LMAI_ -4032 



figure 30. 



MR No. L4L26 



UNSATISFACTORY PITCHING 
MOMENT DUE TO SIDESLIP 

NAVY TORPEDO BOMBER 

CLEAN, RATED POWER 

Vi = 95 MPH 

ttcD ^ 40- 
0_j g . 

^ " 0- 

N.UJ ^ 

^§^40- 

LULL. Q- 




. a. 

CD 3 

h- lu 

UJ^ O LT. SIDESLIP ANGLE, DEG. RT. 











- 





Figure 31. 



NATIONAL ADVISORY 
COMMinEt FOR AERONAUTICS 



LMAL 40X 



